Anatomy of the Superficial Fascia System of the Breast: A Comprehensive Theory of Breast Fascial Anatomy
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deposited behind the breast, in the posterior layer of fascia, and in the ligamentous or fascial loops which connect the breast to the aponeurosis of the pectoralis major muscle."
This concept of superficial fascia fusing with deep structures is not new in other anatomical regions, such as the face and neck. Stuzin et al. described zones of adherence in the face, between the superficial musculoaponeurotic system (SMAS) and deep fascia and periosteum, in the justification of the face lift techniques popularized in the 1990s. 2 More recently, Pessa 3 published his research on facial anatomy and concluded: "SMAS fusion zones exist as bi-laminar membranes, travel from the deep to superficial fascia, and determine the anatomic boundaries of the fat compartments and anatomic spaces." Elsewhere, he states that these zones of adherence are the location of nerves, blood vessels, and lymphatics, which travel from deep to superficial planes into the SMAS fat and mimetic muscles. 4 The zones of adherence thus prevent shearing of these structures with movement.
The final clue to the superficial fascia system of the breast, and its relation to the underlying chest wall, comes from an article published in 2001, by Rohrich et al., 5 which described five "zones of adherence" between superficial fascia and underlying deep fascia of the thigh and buttocks. They state that the superficial fascia system, with its anchorage to deep fascia, shapes the soft tissue into buttocks, hips, saddlebag areas, and upper medial thigh fat pad. These discoveries laid a foundation for a comprehensive understanding of the superficial fascia system of the breast. This article attempts to connect the dots, so to speak, for the reader and expose the three-dimensional fascial network that encases, shapes, and supports the breast.
METHODS
This study began in July of 1994 while two of us (R.D.R. and E.V.B.) were still in plastic surgery residency. We dissected 12 fresh cadaver breast specimens in six female cadavers, between July of 1994 and June of 1995. These dissections were performed using manta ray-shaped balloon dissectors for a blunt dissection of the subglandular and submuscular spaces. Balloons were filled to volumes exceeding 1000 cc, and careful removal of surrounding skin was then performed to observe the fascial boundaries of the dissection. To ensure that this finding was not an artifact, we made clinical observations covering more than 20 years of clinical practice, focused on breast surgery. When possible, video recording of cosmetic and reconstructive breast procedures were made and studied. This study does not violate the Declaration of Helsinki; there was no testing or manipulation of the patient's standard of care. This observational study respected the rights of the patients and obtained informed consent for all of the videos and photographs used.
RESULTS
In the fresh cadaver laboratory, we inflated a manta ray-shaped balloon dissector placed in the subglandular space and found a ring of connective tissue limiting the dissection. Careful removal of the skin demonstrated a somewhat circular ring of fusion between superficial fascia layers and the deep fascia of the chest wall. (See Video Supplemental Digital Content 1, which shows part 1 of a fresh cadaver dissection, in 1995, of the circummammary ligament, using GSI 1200-cc balloon dissection. This video shows subglandular and submuscular blunt dissection, available in the "Related Videos" section of the full-text article on PRSJournal.com or, for Ovid users, available at http://links.lww.com/PRS/D14. See Video, Supplemental Digital Content 2, which demonstrates part 2 of the cadaver dissection of the circummammary ligament, summarizing the findings of a blunt balloon dissection demonstrating a zone of fusion, between superficial and deep fascia of the chest, available in the "Related Videos" section of the full-text article on PRSJournal.com or, for Ovid users, available at http://links.lww.com/ PRS/D15.) In each dissection, a continuous circumferential zone of fascial adhesion was found between the superficial fascia and deep fascia of the chest wall, which defined the boundary of the breast. Inferiorly, the medial aspect originates on the lateral sternum opposite the fourth costal cartilage. The inferior and inferolateral portions are attached to the chest between the fifth rib and the sixth costal interspace, in the region between the pectoralis major muscle and the rectus abdominis. The lateral aspect runs lateral to the pectoralis major, over the serratus anterior muscle. As the circle continues superiorly, the zone of adhesion attaches to the clavipectoral fascia, on its way to the superior boundary at the deep fascial division of the clavicular and sternocostal head of the pectoralis major. The circle is completed medially along the sternal adhesions.
Clinical observations have shown that there are two layers of superficial fascia that surround the breast. The corpus mammae in the center is surrounded by a layer of fat on both the superficial and deep surface (Fig. 1 ). Beginning at the breast surface, and dissecting from superficial to deep, one encounters a 2-to 3-mm layer of subcutaneous fat underneath the dermis. Next is the more superficial layer of the two layers of superficial fascia: the anterior lamellar fascia (an analogue to the Camper fascia, in the groin). Just deep to this is a roughly 10-mm layer of fat, the anterior lamella fat, which covers the anterior surface of the corpus mammae (the capsule of the corpus is actually a pseudo capsule, as there is no epithelium on its surface; instead, it is made of compression of the surrounding fascia as the corpus expands with development at puberty). Deep to the corpus mammae, another layer of fat, the posterior lamella fat, is encountered. Underneath it all is the posterior lamella fascia (an analogue to the Scarpa fascia, in the groin) (Fig. 2) . (See Video, Supplemental Digital Content 3, which demonstrates superior pedicle breast reduction, illustrating the anterior and posterior lamella of the superficial fascia system of the breast, available in the "Related Videos" section of the full-text article on PRSJournal.com or, for Ovid users, available at http://links.lww.com/PRS/D16.) The deeper posterior lamella fascia is several times thicker than the nearly nonexistent anterior lamella superficial fascia. However, the anterior lamina fat layer is two to three times thicker than the posterior lamella fat (Fig. 2) . A fusion between the anterior lamella and posterior lamella of superficial fascia surrounding the breast, and the deep fascia of the chest, is called the "circummammary ligament" (Fig. 3) http://links.lww.com/PRS/D20.) Modified vertical cutaneous ligaments, the Cooper ligaments, run from the posterior lamina fascia up through the corpus, penetrating the anterior lamina fat and fascia, on their way to the dermis. The corpus mammae penetrates the anterior lamina through an opening, in the anterior lamina fat and fascia beneath the areola, we call the anterior lamina annulus. This means there is no subcutaneous fat or anterior lamina fat between the dermis of the areola and the corpus mammae (Fig. 3) . (See Video, Supplemental Digital Content 8, which demonstrates small breast reduction, illustrating the anterior lamella annulus, available in the "Related Videos" section of the full-text article on PRSJournal.com or, for Ovid users, available at http://links.lww.com/PRS/D21.)
The circummammary ligament surrounds the breast and defines its perimeter. The circummammary ligament is a three-dimensional, roughly circular structure composed of superficial fascia collagen fibers that encase a ring of fat and attach it to the deep fascia of the chest, as a circular zone of adherence (see Video, Supplemental Digital Content 4, http://links. lww.com/PRS/D17). The circummammary ligament is consistently found in every patient, but varies in characteristics depending on the body habitus of the person. People with more body fat have larger lobules of fat between the fibers of collagen and therefore a larger ring of attachment. This ring of fascia and fat that composes the circummammary ligament varies in thickness, depending on what part of the circle one is looking at. Inferiorly is the inframammary ligament portion which is strong, thick, and wide in patients with more body fat. The sternal portion lacks the fat seen inferiorly, so it is more narrow in comparison. It has a high density of collagen fibers attaching to the deep fascia covering the parasternal area and therefore is the zone with the strongest anchorage. Laterally, the circummammary ligament collagen and fat are less dense and cover a larger area. Superiorly, the circummammary ligament is very thin and contains virtually no fat and therefore is difficult to see. It runs between the clavicular head of the pectoralis major and its sternocostal head (see Video, Supplemental Digital Content 5, http://links.lww. com/PRS/D18). The fascial cleft under the breast and within the confines of the circummammary ligament is known as the "subglandular" space, and is filled with loose areolar connective tissue. The circummammary ligament fuses to the deep fascia covering the chest wall and anchors the breast in place; the subglandular space allows for breast movement and prevents its attachment from being rigid. The corpus mammae is itself in a fascial layer that separates the anterior and posterior lamina fat, and is referred to as the corpus lamina (Fig. 4) . (See Video, Supplemental Digital Content 9, which demonstrates breast reduction, showing the corpus lamina at the inframammary fold, available in the "Related Videos" section of the full-text article on PRSJournal.com or, for Ovid users, available at http://links.lww.com/PRS/ D22.) The entire structure of fat and fascia, surrounding the corpus mammae, is the superficial fascia system, which is responsible for the shape of the breast and thus is the key to breast aesthetics.
The circummammary ligament provides a fixed passage for nerves, lymphatics, and large-caliber blood vessels. Just as it is in the face, the zone of adherence surrounding the breast is the channel that blood vessels and nerves travel through on their way to the breast. The major arterial supply comes from the chest wall and travels through the collagen fibers of the circummammary ligament before entering the breast (Figs. 5 and 6 ).
DISCUSSION
Controversy exists over the superficial fascia of the breast and the nature of the anatomy of the inframammary fold. Much has been written in the past 200 years concerning the superficial fascia and inframammary fold, with major disagreement over whether or not it should be considered a ligament or not. [6] [7] [8] There is also disagreement in the literature over the existence of one or two layers of superficial fascia in the breast region of the chest. 9 Haagenson, in his book Diseases of the Fig. 4 . Corpus lamina. The corpus lamina is a layer of fascia separating the anterior and posterior lamina, and is the layer of fascia that the corpus mammae develops in. Inferior to the corpus, at the inframammary fold, it can be seen as a layer of fascia (being held up with forceps). Breast, 10 states: "The superficial layer of this fascia is a very delicate but definite structure which will be seen only by the surgeon who looks sharply for it and who keeps the operative field dry enough to permit its identification. The anatomist in his dissecting room is usually unable to identify it." We have used tumescent anesthesia, injected both in the subglandular space and subcutaneously, to achieve the bloodless field required to find this layer throughout the breast. The only part of the breast where it is absent is the anterior lamina annulus.
Cooper is credited with the discovery of the suspensory ligaments of the breast that bear his name 1 ; however, Brinkman and Hage rightly point out that Andreas Vesalius described the superficial fascia of the breast, which he called "the fleshy membrane," in 1543.
11 Vesalius understood that the superficial fascia system of the breast was a special modification of a system found throughout the entire body. 12 In the 1990s, Ted Lockwood led the way in establishing the importance of the superficial fascia in breast and body contouring. 13, 14 Many others have laid the groundwork for describing the superficial fascia as a continuous organ between the skin and deep fascia. 15, 16 Rohrich et al. described zones of adherence between the superficial fascia and the deep fascia and their role in shaping the soft tissues. 5 We observed a similar zone of adherence surrounding the breast and anchoring it to the chest, which we named the circummammary ligament. Studies performed by Würinger et al. 17 and Matousek et al. 18 come very close to describing the superficial fascia system of the breast, but miss the three-dimensional "big picture." They state that the literature is full of conflicting results concerning the ligamentous anatomy of the breast, because of various dissection techniques causing artifacts. We agree, and feel their use of frozen sagittal and horizontal cadaver sections makes it difficult to visualize the delicate three-dimensional network of the superficial fascia system. We are in agreement about the existence of a fascial ring around the breast, which the neurovascular supply to the breast crosses. Matousek et al., however, focus on seven separate ligamentous structures; they fail to see that the ring of attachment is continuous with an entire three-dimensional system of fascia and fat.
Würinger et al. commit the same error, seeing the breast supported by three ligaments forming a suspensory sling, which their dissection technique artificially creates by dividing the circummammary ligament and ignoring the connective tissue adherence of the superior breast. Furthermore, their anatomical studies were on postmenopausal female cadavers in their seventies and eighties. These specimens undoubtedly had parenchymal involution and fatty replacement, and ptosis and connective tissue decline. They may have mistaken an atrophic anteroinferior capsule of the corpus mammae for a septum. In a fatty depleted, postmenopausal breast, this could seem to divide the breast gland into a superior two-thirds and an inferior third. In obese patients with large breasts, the anterior lamella fat below could be confused for additional breast tissue. Studies by Carlson et al. in the mid 1990s showed less than 0.02 percent of breast glandular tissue present in this region. 19 We believe Würinger et al. found a portion of the "ligamentous suspension of the mammary gland," that does not travel through the gland, but instead underneath it.
This vision of breast anatomy, supported by our videos, fits into the greater scheme of anatomical order seen in the rest of the body. It suggests opportunity for further study of the ontology of the breast, and the dynamic forces that change the shape of the breast throughout life.
CONCLUSIONS
The system of fascia that surrounds the corpus mammae, and encases it in two layers of fat and fascia, is named the superficial fascia system of the breast. Its anchorage to the deep fascia of the chest at the breast's perimeter is the circummammary ligament. The Cooper ligaments, which are specialized vertical cutaneous ligaments, travel from the posterior lamina fascia, through the breast gland and anterior lamina, to anchor in the skin. The circummammary ligament acts as the passage that arteries and nerves travel through on their way to the breast parenchyma and nippleareola. The superficial fascia system is responsible for the shape of the breast. Stretching and relaxing of the superficial fascia system, through aging or after surgery, along with variable amounts of support from the underlying chest wall, leads to breast ptosis. An intimate knowledge of this system is foundational to both reconstructive and cosmetic breast surgery.
